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DESCRIPTION 



INK JET RECORDING APPARATUS AND INK JET RECORDING METHOD 



5 TECHNICAL FIELD 

The present invention relates to ink jet recording apparatuses and ink jet recording 
methods in which a photocurable ink (a UV curable ink, in particular) is ejected from 
nozzle holes of an ink jet head. 

10 

BACKGROUND ART 

A technique has been conventionally known, in which a UV-curable ink is ejected 
from nozzle holes of an ink jet head onto the recording surface of a recording medium, and 
the ink attached to the recording surface is cured by ultraviolet irradiation so as to prevent 

15 the ink from spreading and bleeding on the recording surface (see Japanese Laid-Open 
Publication Nos. 2002-137375, 2003-11334, 2003-11343, and 2003-127338, for example). 

As light sources of the ultraviolet light, discharge lamps such as mercury lamps and 
metal halide lamps are typically used. Such discharge lamps are attached to the ink jet 
head, so that ultraviolet light emitted by the discharge lamps is directly applied to the 

20 recording surface of a recording medium, as disclosed in the above-mentioned Japanese 
Laid-Open Publication Nos. 2003-11334 and 2003-11343. Alternatively, as disclosed in 
the above-mentioned Japanese Laid-Open Publication Nos. 2002-137375 and 2003- 
127338, ultraviolet light emitted by discharge lamps is guided through optical fibers to the 
ink jet head, from which the ultraviolet light is applied to the recording surface of a 

25 recording medium. 
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However, in the conventional examples, in which the ink is cured by the discharge 
lamps, the distribution of the illumination of the ultraviolet light emitted by the discharge 
lamps varies significantly on the recording surface of the recording medium. The ink 
curing rate thus changes from place to place, which may cause the resulting print density to 
5 differ between portions where the ink curing rate is high and portions where it is low. 

In the cases where the discharge lamps are attached to the ink jet head, the ink jet 
head increases in size, such that high speed driving of the ink jet head becomes impossible. 
To enable the high speed driving, a larger driving apparatus is required. This, together 
with the increased size of the ink jet head, results in an increase in the size of the entire 
10 recording apparatus. 

Also, the structure in which the discharge lamps and the ink jet head are connected 
via the optical fibers is indeed difficult to realize, because the optical fibers are made of 
quartz which is vulnerable to bending. Even if such a structure is obtained, the distance 
between the discharge lamps and the ink jet head has to be increased very much, which 
15 consequently increases the size of the entire recording apparatus. 

Furthermore, discharge lamps have a relatively short life, their maintainability is 
poor, and their power consumption is large. In addition, discharge lamps take a long time 
to emit ultraviolet light in a stable manner. Thus, certain warm-up time is necessary after 
the lamps are operated, and even when the lamps do not have to be operated, such as when 
20 a recording medium is being carried, the lamps have to remain on. 

DISCLOSURE OF INVENTION 

In view of the above problems, the present invention has been made, and an object 
thereof is that when a photocurable ink such as the above-mentioned UV curable ink is 
25 ejected from nozzle holes of an ink jet head onto the recording surface of a recording 
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medium and the ink attached onto the recording surface is cured by irradiation with 
ultraviolet light or other light, distribution of the light illumination on the recording surface 
is unformalized to avoid inconsistencies in density, while preventing increase in the size 
of the recording apparatus, and in addition, improvements in maintainability and power 

5 savings are achieved. 

To achieve the above object, in the present invention, the photocurable ink is cured 

by light emitters such as ultraviolet light emitting diodes. 

More specifically, a first invention is applicable to an ink jet recording apparatus 
which includes an ink jet head whose recording-medium opposing surface that opposes a 
10 recording surface of a recording medium is furnished with an ink ejecting portion formed 
with open ends of a plurality of nozzle holes for ejecting a UV curable ink, and a head 
moving mechanism for putting the ink jet head into reciprocating motion in a 
predetermined direction parallel to the recording surface of the recording medium, and 
which performs recording by ejecting the ink from the nozzle holes of the Inkjet head onto 
,5 the recording surface of the recording medium and then curing the ink ejected and attached 
onto the recording surface of the recording medium by irradiation with ultraviolet light, at 
least when the head moving mechanism puts the ink jet head into a forward motion of the 

reciprocating motion. 

And the ink jet head or a moving member which moves together with the ink jet 
20 head is provided with a plurality of ultraviolet light emitting diodes for emitting the 
ultraviolet light to the ink attached onto the recording surface of the recording medium to . 
cure the ink. 

The above configuration allows the ultraviolet light emitting diodes to be disposed 
in large numbers without causing an increase in the size of the ink jet head or the moving 
25 member, because the ultraviolet light emitting diodes are much smaller than discharge 
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lamps. Thus, the distribution of the illumination of ultraviolet light on the recording 
surface is uniformalized, thereby preventing inconsistencies in density. Furthermore, since 
the ultraviolet light emitting diodes are disposed in vicinity to the recording surface of the 
recording medium, ink on the recording surface is cured to a sufficient degree that 
5 spreading and bleeding of the ink does not occur, even with the ultraviolet light emitting 
diodes whose emission intensity is lower than that of discharge lamps. Moreover, the 
ultraviolet light emitting diodes, which have a longer life and better responsiveness than 
discharge lamps, enhance maintainability. And power savings are also achieved by putting 
the ultraviolet light emitting diodes into a non light-emitting state when they do not have to 

10 emit light, combined with the fact that their power consumption is small. 

According to a second invention, in the first invention the ultraviolet light emitting 
diodes, when seen from a direction perpendicular to the recording surface of the recording 
medium, are arranged to form one or a plurality of linear rows that extend in a direction 
perpendicular to the direction of the reciprocating motion of the ink jet head. 

15 Then, a portion of the recording surface of the recording medium on which 

recording is performed in a single forward motion of the ink jet head is entirely irradiated 
with ultraviolet light during the single forward motion, while the distribution of the 
ultraviolet light illumination on that recording portion is uniformalized in the direction 
perpendicular to the direction of the reciprocating motion of the ink jet head (i.e., the 

20 direction of the ultraviolet-light-emitting-diode rows) so as to avoid inconsistencies in 
density. 

According to a third invention, in the second invention the ultraviolet light emitting 
diodes form the plurality of rows. 

Then, ink on the recording surface of the recording medium is reliably cured so as 
25 to avoid spreading and bleeding of the ink. 
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According to a fourth invention, in the third invention each ultraviolet light 
emitting diode in each ultraviolet-light-emitting-diode row is disposed in a position 
corresponding to the middle position between two adjacent ultraviolet light emitting diodes 
arranged in a neighboring one of the ultraviolet-light-emitting-diode rows, so that the 
5 ultraviolet light emitting diodes in the two adjoining ultraviolet-light-emitting-diode rows 
form a zigzag pattern. 

If the ultraviolet light emitting diodes are arranged in a single row, difference in 
illumination of ultraviolet light is inevitably produced on the recording surface of the 
recording medium between a portion which corresponds to the middle position between 

10 any two adjacent ultraviolet light emitting diodes in the ultraviolet-light-emitting-diode 
row and portions which correspond to the positions of those two ultraviolet light emitting 
diodes. However, in this invention, the positions of the ultraviolet light emitting diodes in 
the adjoining ultraviolet-light-emitting-diode rows are displaced from each other, such that 
the illumination of ultraviolet light on the recording surface of the recording medium is 

15 further uniformalized in the direction of the ultraviolet-light-emitting-diode rows. 

According to a fifth invention, in the second invention the open ends of the nozzle 
holes are arranged in the ink ejecting portion to form at least one or a plurality of linear 
rows that extend in a direction perpendicular to the direction of the reciprocating motion of 
the ink jet head, and the number of the ultraviolet light emitting diodes arranged in each 

20 ultraviolet-light-emitting-diode row is smaller than the number of the nozzle hole open 
ends existing in each nozzle-hole-open-end row. 

This permits the number of nozzle holes to be maximized so as to increase 
recording density. And even if the number of ultraviolet light emitting diodes is smaller 
than that of nozzle hole open ends, it is possible to sufficiently uniformalize, in the 

25 direction of the ultraviolet-light-emitting-diode rows, the distribution of ultraviolet light 
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illumination in a portion of the recording surface of the recording medium on which 
recording is performed in a single forward motion of the ink jet head. 

According to a sixth invention, in the second invention the open ends of the nozzle 
holes are arranged in the ink ejecting portion to form at least one or a plurality of linear 
5 rows that extend in a direction perpendicular to the direction of the reciprocating motion of 
the ink jet head, and the ultraviolet light emitting diodes existing on both ends of each 
ultraviolet-light-emitting-diode row are positioned outwardly of the nozzle hole open ends 
existing on both ends of each nozzle-hole-open-end row with respect to the direction of the 
nozzle-hole-open-end row. 

10 According to a seventh invention, in the second invention the length, in the 

direction of the ultraviolet-light-emitting-diode rows, of a portion of the recording surface 
of the recording medium on which recording is performed in a single forward motion of 
the ink jet head is smaller than the length, in the direction of the ultraviolet-light-emitting- 
diode rows, of a portion of the recording surface of the recording medium which can be 

15 irradiated with ultraviolet light emitted from all of the ultraviolet light emitting diodes 
during the single forward motion. 

The sixth invention and the seventh invention ensure that a portion of the recording 
surface of the recording medium on which recording is performed in a single forward 
motion of the ink jet head is entirely irradiated with ultraviolet light during the single 

20 forward motion. 

According to an eighth invention, in the second invention a pattern mask is 
provided between the ultraviolet light emitting diodes and the recording medium so as to 
reduce difference in illumination of ultraviolet light on the recording surface of the 
recording medium between a portion of the recording surface which corresponds to the 

25 middle position between any two adjacent ultraviolet light emitting diodes in each 
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ultraviolet-light-emitting-diode row and portions of the recording surface which 
correspond to the positions of those two ultraviolet light emitting diodes. 

This enables further uniformalization of the distribution of ultraviolet light 
illumination on the recording surface of the recording medium in the direction of the 
5 ultraviolet-light-emitting-diode rows. 

According to a ninth invention, in the first invention the apparatus is configured so 
that the ultraviolet light emitted from the ultraviolet light emitting diodes is applied via a 
light guiding member to the ink attached to the recording medium. 

This increases flexibility in disposing the ultraviolet light emitting diodes, while 
10 enabling the ultraviolet light to be applied flatly and substantially uniformly from the light 
guiding member, allowing the uniform distribution of the ultraviolet light illumination on 
the recording surface of the recording medium. 

According to a tenth invention, in the first invention the apparatus is configured so 
that each time the ink jet head performs a forward motion and a backward motion of the 
15 reciprocating motion, the ink is ejected from the nozzle holes of the Inkjet head onto the 
recording surface of the recording medium so as to perform recording, and the ultraviolet 
light emitting diodes are disposed at both sides of the ink ejecting portion with respect to 
the direction of the reciprocating motion of the ink jet head. 

Then, irrespective of whether the ink jet head performs a forward motion or a 
20 backward motion, all of the ink is cured immediately after the ink has been attached onto 
the recording surface of the recording medium. More specifically, just after the ink is 
attached onto the recording surface of the recording medium, the ultraviolet light emitting 
diodes rearward of the ink ejecting portion with respect to the moving direction of the ink 
jet head (the rearward position with respect to the moving direction of the ink jet head 
25 differs depending on whether the ink jet head performs a forward or backward motion) are 
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located opposing the attached ink. Therefore, the ink is easily cured by those ultraviolet 
light emitting diodes, immediately after the ink is attached onto the recording surface of 

the recording medium. 
. According to an eleventh invention, in the tenth invention the apparatus is 
5 configured so that in each of the forward and backward motions of the ink jet head, at least 
the ultraviolet light emitting diodes rearward of the ink ejecting portion with respect to the 
moving direction of the ink jet head emit the ultraviolet light. 

Then, immediately after ink is attached onto the recording surface of the recording 
medium, the ultraviolet light emitting diodes rearward of the ink ejecting portion with 
10 respect to the moving direction of the ink jet head cure all of the ink, while it is possible to 
achieve power savings by making the ultraviolet light emitting diodes located frontward 
with respect to the moving direction stop emitting light. 

According to a twelfth invention, in the first invention the apparatus is configured 
so that only when the Inkjet head performs a forward motion of the reciprocating motion, 
15 the ink is ejected from the nozzle holes of the ink jet head onto the recording surface of the 
recording medium so as to perform recording, and the ultraviolet light emitting diodes are 
disposed rearward of the ink ejecting portion with respect to the direction of the forward 

motion of the ink jet head. 

This minimizes the number of ultraviolet light emitting diodes, thereby reducing 

20 costs. 

According to a thirteenth invention, in the first invention the nozzle holes are 
formed in a nozzle plate which forms the recording medium opposing surface of the ink jet 
head, and the ultraviolet light emitting diodes are disposed on the nozzle plate. 

This invention permits the ultraviolet light emitting diodes to be disposed in 
25 vicinity to the recording surface of the recording medium. 
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According to a fourteenth invention, in the first invention the nozzle holes are 
formed in a nozzle plate which forms the recording medium opposing surface of the ink jet 
head, and the ultraviolet light emitting diodes are disposed on a member other than the 
nozzle plate. 

5 Then, ink is less likely to be attached onto the ultraviolet light emitting diodes, 

while procedure for replacing the ultraviolet light emitting diodes with new ones is 
facilitated. 

According to a fifteenth invention, in the first invention the apparatus is configured 
so that the ultraviolet light emitting diodes are placed in a case and that the ultraviolet light 

10 is emitted through a surface of the case. 

This enables the many ultraviolet light emitting diodes to function as a unit, which 
improves the assemblability of the ultraviolet light emitting diodes onto the Inkjet head or 
other members. In addition, direct adhesion of ink onto the ultraviolet light emitting 

diodes is also prevented. 
15 According to a sixteenth invention, in the fifteenth invention the case is disposed so 

that the ultraviolet light emitting surface thereof is in the same plane as the recording 

medium opposing surface of the ink jet head. 

This permits a blade for removing ink attached onto the recording-medium 

opposing surface to easily wipe off ink attached onto the ultraviolet light emitting surface 
20 of the case. 

According to a seventeenth invention, in the fifteenth invention the case is disposed 
so that the ultraviolet light emitting surface thereof is located closer to the recording 
medium than the recording medium opposing surface of the Inkjet head is. 

Then, ink on the recording surface is reliably cured even with the ultraviolet light 
25 emitting diodes having relatively low emission intensity. 
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According .o a eighteenth invention, in the fifteenth invention the case is disposed 
so that the uftravioie, Ugh. emitting surface thereof is located farther from the recording 
medium man the recording medium opposing surface of the ink jet head is. 

Then, ink is hardly attached onto the ultraviolet light emitting surface of the case. 
According to a nineteen* invention, in the fifteenth invention the case is disposed 
« .east rearward of the ink ejecting portion with respect to the direction of the forward 
m „ ti on of the ink jet head, and the ultraviolet light emitting surface of the case is tilted 
with respect to the recording medium opposing surface of the ink jet head so tha, the side 
of the uftravide, light emitting surface closer ,0 the ink ejecting portion is .ocated cioser to 
10 the recording medium than the opposite side of the case is. 

Then, adhesion of ink on the ultraviolet light emitting surface of the case is 
prevented more reliably, while i, is also possible to prevent part of the uhraviole, light 
from reaching ink that remains in the nozzle hole open ends to cause curing of the ink and 

the resulting clogging. 

According to a twentieth invention, in the fifteen* invention fire case is disposed a, 
_ rearward of the ink ejecting portion with respect to rite direction of the forward 
m „fi„„ of the ink je, head, and a light blocking menrher for preventing pari of tire 
ultraviolet figh, emitted by the ultraviolet light emitting diodes from reaching tire ink 
ejecting portion is provided between the ease and the ink ejecting portion. 

Tnis invention prevents ink remaining in the nozzle hole open ends from being 
cured to cause clogging, while rehabiy preventing adhesion of ink on tire ultraviolet light 

emitting surface of the case. 

According to a twenty-firs, invention, in tire firs, invention a heat conduction 
number for conducting, to tire ink within tire ink je, head, heat produced by the emission 
25 by the ultraviolet light emitting diodes is provided. 
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Then, .he temperature of the ink in the ink je, head ean be raised so as to deere.se 
the viseosity of the ink (UV curable inks have higher viseosity than typieal inks), thereby 

improving the ink-ejection capability. 

Accotdiug to a twenty-seeond invention, in the firs, invention a radiato, for 
3 dissipating heat produced by the emission by the uhraviole, light emirting diodes is 
provided. 

This prevents eases in which due to heat generated by the ultraviolet light emitting 
di „des, the temperature of the ultraviolet light emitting diodes themselves are increased 
excessive,, ro decrease the emission intensity thereof, or the temperature of the ink ,e« 
,„ head is increased excessively to cause deformation of the nozzle plate or Cher members to 

disturb the ink ejection. 

According to a twenty-third invenrion, in the firs, invention the ink je, recording 
apparatus further includes a recording medium moving mechanism for moving the 
.cording medtum in a direction petpendicuiar to the direction of the reciprocating motton 
15 of the ink je. head and paraUe. to the recording surface of the recording medium, and a 
discharge ,amp disposed frontward of the mkje, head with respect to the moving directton 
of the recording medium aud capable of applying ultraviolet light to an entire recordmg 
area of the recording surface of the recording medium with respect ,0 the direction of the 
reciprocating motion of the ink jet head. 

Then, with the ink je, head being moved, ink is ejected from the nozzle holes of the 
ink je , head and primary curing of the ink ejected and attached onto the recording surface 
of the recording medium is perfonued by the ultraviolet hght emitting diode, 
Subsequently, the recording medium is moved in the direction parallel « the recordmg 
surface of the recording medium and perpendicular to the direction of the reciprocating 
25 motion of the ink je, head, and secondary curing of the ink aheady subjected ,o ,he primary 
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curing is performed by the discharge .amp in rhe entire recording area of Ore recording 
surface of me recording medium with respect to the direction of the reciprocating motion 
of the ink je, head. More specifically, immediately after the ink is attached onto the 
recording surface of the recording medium, the ink is half-cured by the uKraviole. light 
, emitting diodes to a degree that no spreading or bleeding occurs, and men the ink already 
subjected to tire primary curing is completely cured by the discharge lamp each time a 
single scanning has been completed or after all of the scannings have been completed. 
Consequently, all of the ink on the recording surface is reliably cured a, tire time all of tire 
recording has been completed, even if .he ultraviolet light emitting diodes having 
10 significantly low emission intensity are used. 

A twenty-fourth invention is applicable to an ink jet recording apparatus which 
includes a recording medium moving mechanism for moving a recording medium in a 
predetermined direction parallel ro a recording surface of the recording medium, and an ink 
je, head which extends in a direction perpendicular to the moving direction of tire 
15 recording medium and parallel to the recording surface of the recording medium and 
whose recording-medium opposing surface that opposes the recording surface of the 
recording medium is furnished with an ink ejecting portion formed with open ends of a 
phnality of nozzle holes for ejecting a UV curable ink; and which performs recording by 
ejecting the ink from the nozzle holes of .he ink je. head onto tire recording surface of tire 
2 0 recording medium and then curing the ink ejected and aftached onto tire recording surface 
of tire recording medium by irradiation wi«h ulfraviole, Ugh, with fhe recording medium 
being moved by the recording medium moving mechanism. 

And tire ink je. head or a member disposed in fhe vicinity of tire ink je. head is 
provided with a plurality of ultraviolet light emitting diodes for emitting tire ultraviolet 
25 Ugh. to the ink aftached onto fhe recording surface of fhe recording medium to cure the ink. 
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This invention allows uniformalization of the distribution of nltraviole, light 
Munition on the recording surface of the recording medium so as to avoid 
inconsistencies in density, even in cases where the ink jet head is a so-called line head. 
Furihermore, the ink J* head or me member disposed in the vicinity of the ink jet head 
5 does no. increase in size, and in addition, maintainability is enhanced, while power savings 
are achieved. 

According to a twenty-fifth invention, in the twenty-fourth invention the nltravio.et 
Ugh. emitting diodes, when seen from a direction perpendicular to the recording surface of 
the recording medium, are arranged to form one or a plurality of linear rows that extend in 

10 the length direction of the ink jet head. 

Then, when recording is performed with the recording medium being moved, 
ultraviolet light is applied to the entire recording area of the recording surface of me 
recording medium with respect ,o me length direction of .he ink je. head, while the 
distribution of .he uHraviole. Ugh. illumination on that recording area is unformalized in 
15 the lengti, direction of the ink je. head (i.e., the ul,raviole.-ligh,-emMng-diode-row 
direction) to avoid inconsistencies in density. 

According ,0 a twenty-sixth invention, in the twenty-fifth invention the ultraviolet 

light emitting diodes form the plurality of rows. 

This provides the same effects as those obtainable by the third invention. 
According to a twenty-seventh invention, in the twenty-sixth invention each 
uHraviole, light emitting diode in each ultraviolet-ligh.-emining-diode row is disposed in a 
position corresponding «o me nridd.e position be.ween two adjacent ultraviolet light 
emitting diodes arranged in a neighboring one of the ulttaviolet-Hgh.-emitting-diode rows, 
so that tire ultraviolet light emitting diodes in the two adjoining ultraviole.-ligh.-emitting- 
25 diode rows form a zigzag pattern. 
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Then, the same effects as those obtainable by the fourth invention are achieved. 

According to a twenty-eighth invention, in the twenty-fifth invention the ultraviolet 
light emitting diodes existing on both ends of each ultraviolet-light-emitting-diode row are 
positioned outwardly, with respect to the length direction of the ink jet head, of ones of the 
5 nozzle hole open ends located in the endmost positions in the length direction of the ink jet 
head. 

According to a twenty-ninth invention, in the twenty-fifth invention the length, in 
the direction of the ultraviolet-light-emitting-diode rows, of a portion of the recording 
surface of the recording medium which can be irradiated with ultraviolet light emitted from 
,0 all of the ultraviolet light emitting diodes is greater than the length, in the direction of the 
ultraviolet-light-emitting-diode rows, of a portion of the recording surface of the recording 
medium on which recording is performed by the ink jet head. 

According to the twenty-eighth invention and the twenty-ninth invention, when 
recording is performed with the recording medium being moved, ultraviolet light is 
15 reliably applied to the entire recording portion of the recording surface of the recording 
medium with respect to the length direction of the Inkjet head. 

According to a thirtieth invention, in the twenty-fifth invention a pattern mask is 
provided between the ultraviolet light emitting diodes and the recording medium so as to 
reduce difference in illumination of ultraviolet light on the recording surface of the 
20 recording medium between a portion of the recording surface which corresponds to the 
middle position between any two adjacent ultraviolet light emitting diodes in each 
ultraviolet-light-emitting-diode row and portions of the recording surface which 
correspond to the positions of those two ultraviolet light emitting diodes. 

This provides the same effects as those obtainable by the eighth invention. 
25 According to a thirty-first invention, in the twenty-fifth invention the apparatus is 
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configured so that the ultraviolet light emitted from the ultraviolet light emitting diodes is 
applied via a light guiding member to the ink attached to the recording medium. 

Then, the same effects as those obtainable by the ninth invention are achieved. 

According to a thirty-second invention, in the twenty-fourth invention the 
ultraviolet light emitting diodes are disposed at least frontward of the ink ejecting portion 
with respect to the moving direction of the recording medium. 

Then, immediately after ink is attached onto the recording surface of the recording 

medium, the ink is easily cured. 

According to a thirty-third invention, in the twenty-fourth invention the nozzle 
holes are formed in a nozzle plate which forms the recording medium opposing surface of 
the ink jet head, and the ultraviolet light emitting diodes are disposed on the nozzle plate. 

Then, the same effects as those obtainable by the thirteenth invention are achieved. 

According to a thirty-fourth invention, in the twenty-fourth invention the nozzle 
holes are formed in a nozzle plate which forms the recording medium opposing surface of 
the Inkjet head, and the ultraviolet light emitting diodes are disposed on a member other 

than the nozzle plate. 

Then, the same effects as those obtainable by the fourteenth invention are achieved. 

According to a thirty-fifth invention, in the twenty-fourth invention the apparatus is 
configured so that the ultraviolet light emitting diodes are placed in a case and that the 
ultraviolet light is emitted through a surface of the case. 

Then, the same effects as those obtainable by the fifteenth invention are achieved. 

According to a thirty-sixth invention, in the thirty-fifth invention the case is 
disposed so that the ultraviolet light emitting surface thereof is in the same plane as the 
recording medium opposing surface of the ink jet head. 

Then, the same effects as those obtainable by the sixteenth invention are achieved. 
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According to a thirty-seven* invention, in the thirty-fifth invention the case is 
disposed so tha, the ultravioie. Ugh. emitting sorface thereof is located cioser to the 
recording medium man me recording medium opposing surface of me ink jet head is. 

Then, the same effects as those obtainable by the seventeenth invention are 

achieved. 

According to a thirty-eighth invention, in the thirty-fifth invention the case is 
disposed so tha, the uttraviole, Ugh, emitting surface .hereof is located farther ftom the 
receding medium man .he recording medium opposing surface of the ink je, head is. 

Then, the same effects as those obtainable by the eighteenth invention are achieved. 
According to a thirty-ninth invention, in me thirty-fifth invention the case is 
disposed a. ieas. frontward of me ink ejecting portion with respect «o .he moving direction 
of dte recording medium, and me ultraviolet Ugh. emitting surface of .he case is fitted with 
respect .o fire recording medium opposing surface of the ink je, bead so ma. .he side of me 
uttraviole. Ugh, emitting surface closer ,o me ink ejecting portion is .oca,ed closer .o me 
15 recording medium than the opposite side of the case is. 

Then, the same effects as those obtainable by the nineteenth invention are achieved. 
According to a fortieth invention, in the thirty-fifth invention .he case is disposed a, 
least frontward of me ink ejecting portion with respec, ,o me moving direction of the 
wording medium, and a Ugh, blocking member for preventing part of the ultravio.e, Ugh, 
20 emitted by the uttraviole, Ugh, emitting diodes ftom reaching the ink ejecting portion is 
provided between the case and the ink ejecting portion. 

Then, the same effects as tttose obtainable by the twentieth invention are achieved. 
Aecording to a forty-firs, invention, in .he ,wen.y-fourth invention a heat 
conduction member for conducting, .o fire ink within me ink je. head, hea, produced by the 
25 emission by the ultravioie. Ugh, emitting diodes is provided. 
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Then, the same effects as those obtainable by the twenty-first invention are 
achieved. 

According to a forty-second invention, in the twenty-fourth invention a radiator for 
dissipating heat produced by the emission by the uhravio.e, Ugh. emitting diodes is 
5 provided. 

Then, the same effects as those obtainable by the twenty-second invention are 
achieved. 

According to a forty-third invention, in the twenty-fourth invention the apparatus 
further incudes a discharge lamp disposed frontward of the ink je. head with respect to the 
,0 moving direction of the recording medium and capable of applying ultraviolet light to an 
enure recording area of the recording surface of the recording medium with respect to a 
direction perpendicular to the moving direction of the recording medium. 

Then, with the recording medium being moved, the ink is ejected from the nozzle 
hoies of the ink jet head and primary curittg of the ink ejected and artached onto the 
15 recording surface of the recording medium is performed by the ultraviolet light emitting 
diode, Subsequently, secondary curing of the ink already subjected to the primary curing 
is performed by the discharge lamp. More specifically, immediately after the ink is 
anached onto the recording surface of the recording medium, me ink is half-cured by the 
utaaviole. light emitting diodes ,0 a degree that no spreading or bleeding occurs, and the 
» recording medium as it is, is moved, after which the ink already subjected to the primary 
curing is completely cured by the discharge lamp. Consequently, all of the ink on the 
recording surface is reliably cured a, the time al. of the recording has been comp.eted, even 
if fire ultraviolet light emitting diodes having significant!, low emission intensity are used. 
A forty-fourth invention is applicable to an Inkjet recording method, in which an 
25 ink je, head which ejects a UV curable ink from nozzle holes onto a recording surface of a 
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receding medium and is capable of performing reciprocating motion in a predetermined 
direction paraUe. to the recording snrface of the recording medium is used, and recording 
is performed by ejecting the ink from the nozzle holes onto the recording surface of the 
recording medium and .hen curing the ink ejected and attached onto the recording surface 
, of the recording medium by irradiation with uttraviole, light, a. .east when the ink je, head 
performs a forward motion of the reciprocating motion. 

And, with me ink jet head being moved, tire ink is ejected from .he nozzle holes of 
t „e ink je. head and primary curing of the ink ejected and attached onto the recording 
surface of the recording medium is performed by nttraviole, light emitting diodes provided 
,0 on tire ink je, head or a moving member which moves together with the ink je. head, and 
rhe recording medium is then moved in a direction perpendicu.ar to tire direction of the 
reciprocating motion of tire ink je. head and paraUe, to tire recording surface of the 
recording medium, and secondary curing of me ink afteady subjected to tire primazy curing 
is performed by a discharge lamp capab.e of app.ying uftraviole, tight to an entire 
15 recording area of me recording surface of tire recording medium with respect .o the 
direction of tire reciprocating motion of the ink jet head. 

Then, the same effects as those obtainable by the rwenty-mird invention are 

achieved. 

A forty-fifth invention is applicable to an ink je, recording me,hod, in which an ink 
20 je , head, which ejects a UV curable ink from nozzle ho,es onto a recording surface of a 
recording medium capabie of moving in a predetermined direction paraUe, ,o tire recording 
surface and extends in a direction perpendicuiaz ,o the moving direction of the recording 
medium, is used, and recording is performed by ejecting tire ink from the nozz,e holes of 
ttre ink je. head onto ,he recording surface of the recording medium and men curing tire ink 
25 ejected and attached onto the recording surface of tire recording medium by irradiation 
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with ultraviolet light, with the recording medium being moved. 

And, with the recording medium being moved, tire ink is ejected from the nozzle 
holes of the ink jet head and primary curing of the ink ejected and attached onto the 
recording surface of the recording medium is performed by ultraviolet light emitting diodes 
5 provided on me Inkjet head or a member disposed in the vicinity of the ink jet head, and 
secondary curing of the ink atteady subjected to the primary curing is performed by a 
discharge lamp capable of applying ultraviolet light to an entire recording area of the 
recording surface of the recording medium with respect to a direction perpendicular to rhe 
moving direction of the recording medium. 

Then, the same effects as those obtainable by the forty-third invention are achieved. 
A forty-sixth invention is applicable to an ink jet recording apparatus which 
includes an ink jet head whose recording-medium opposing surface that opposes a 
recording surface of a recording medium is furnished with an ink ejecting portion formed 
wid, open ends of a plurality of nozzle holes for ejecting a photocurable ink, and a head 
,5 moving mechanism for putting the ink jet head into reciprocating motion in a 
predetermined direction paraUei to the recording surface of ttre recording medium, and 
which performs recording by ejecting the ink from the nozz,e hoies of the ink jet head onto 
the recording surface of the recording medium and then coring the ink ejected and attached 
onto the recording surface of the recording medium by irradiation with light, a, leas, when 
» the heod moving mechanism puts the ink je, head into a forward motion of ttre 

reciprocating motion. 

And the ink jet head or a moving member which moves together with the ink jet 
head is provided with a plurality of light emitters for emitting the light to the ink attached 
onto the recording surface of the recording medium to cure the ink. 

No matter what photocurable ink is employed, this invention enables the 
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distribution of the Uluminatiot of Ugh, on the recotding surface of the recording nrediunt to 
be unformalized so as to avoid inconsistencies in density, while preventing ,he recording 
apparatus to be increased in size, by using smaU-sized Ugh. emitters such as Hgh, emittmg 
diodes which appiy hgh. that cures the photocurable ink emp.oyed. hr addition, 
5 maintainability is enhanced and power savings are achieved. 

According to a forty-seven* invention, in the forty-sixth invention Ore light 

emitters are ultraviolet light emitting diodes. 

Then, when a UV curable it* is used, the same effects as those obtainable by the 

first invention are achieved. 

According to a forty-eighth invention, in the forty-sixth invention the light emitters 

are light emitting diodes containing GaN. 

Then, hgh, emitting diodes, having high luminous efftcacy, best suited to cure 
procurable ink on the recording surface of me recording medium are easily obtained. 

A forty-ninth invention is applicable ro an ink jet recording apparatus which 
1S includes a recording medium moving mechamsm for movmg a recording medium in a 
redetermined direction paraHel to a recording surface of the recording medium, and an ink 
jet head which extends in a direction perpendicu,ar to the moving direction of the 
coming medium and parallel to the recording surface of the recording medium and 
whose recording-medium opposing surface that opposes the recording surface of the 
20 recording medium is furnished with an ink ejecting portion formed with open ends of a 
phuality of nozzle ho,es for ejecting a photocurable ink; and which performs recording by 
ejecting me ink from the nozzle holes of the ink je, head onto the recording surface of the 
wording medium and men curing the ink ejected and attached onto the recording surface 
of the recording medium by irradiation with Ugh., wi«h the recording medium being moved 
25 by the recording medium moving mechanism. 
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And the ink je« head or a member disposed in «he vicinity of .he ink Jet head is 
provided with a plurality of light emitters for emitting the Ugh. to the ink attaehed onto the 
recording surface of the recording medium to cure the ink. 

This invention provides the same effects as those obtainable by the forty-sixth 
5 invention even in eases where the ink jet head is a so-caned line head. 

According to a fiftieth invention, in the forty-ninth invention the light emitters « 

ultraviolet light emitting diodes. 

Then, when a UV curable ink is used, the same effects as those obtainable by the 

twenty-form invention are achieved. 

According to a fifty-firs, invention, in me forty-run* invention me Hgh, emitters 

are light emitting diodes containing GaN. 

Then, me same effects as Arose ob.ainab.e by .he forty-eighth invention are 

achieved. 

15 BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an oblique view schematically illustrating an Inkjet recording apparatus 
according to a first embodiment of the present invention. 

FIG 2 is the bottom view of an ink jet head of the ink jet recording apparatus. 
FIG. 3 is an oblique view illustrating ultraviolet light emitting diodes and reflecting 

20 plates in a unit case. 

FIG. 4 is a view corresponding .0 FIG. 3 and indicating a case in which a haff-pipe- 

shaped reflecting plale is employed. 

FIG. 5 is a view corresponding to FIG. 2 and indicating a case in which ultraviolet 

light emitting diodes are arranged forming a zigzag pattern. 

. • • -^Wm 0 a case in which the ultraviolet light emitting surfaces of 
25 FIG. 6 is a view indicating a case m wm^n " 
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■J, cases are tihed, as seen from ,he sub-scanning direction of .he ink je. head. 

FIG. 7 is a view indicating a case in which Ugh. blocking members are provided 
between uni. cases and an ink ejecting portion, as seen from tire snb-seanning direction of 
the ink jet head. 

FIG 8 is a view indicating relationship in terms of size between a portion of me 
' recording surface of a recording paper where recording is performed in a single scanning 
by an ink je. head and a portion of me recording surface which can be irradia.ed wt,h 
tatraviole, ligh. emitted from all ulttaviole. Hgh. emitting diodes during me single 
scanning. 

FIO 9 is a graph indicating relationship between positions in me direction of 
ttitravidet-tight-emining-diode rows and .he illumination of uhraviole. Ugh. on the 
recording surface of a recording paper in cases with and without pattern mask, 

FIG. 10 is an oblique view indicating an exemplary case in which ultraviolet hgh. 
emitted from ulttaviole. light emitting diodes is applied via a Ugh. guiding member ,o ink 

15 on a recording paper. 

FIG. 11 is a view indicating a case in which ulttaviole, light emitting diodes are 
disposed in a hea. conduction member, as seen from tire sub-scanning direction of .he ink 
jet head. 

A-, nn tn FIG 1 and indicating a case where a lamp unit 
FIG. 12 is a view corresponding to MG. i ana uum, & 

20 for secondary curing is provided. 

HG. 13 is a lateral view schematically illustrating an Inkjet recording apparatus 

according to a second embodiment of the present invention. 

FIG. 14 is a plan view illustrating a recording section of the ink jet recording 

apparatus according to the second embodiment. 

, fo«inViet head of the ink jet recording apparatus of 

FIG. 15 is the bottom view of an ink jet neaa oi mc j 
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the second embodiment. 

F,G. 16 is a view corresponding ,0 FIG. 14 and indicating a case where a lamp unit 

for secondary curing is provided. 

FIG. 17 is a view corresponding to FIG. 15 and illusttating an ink je, head in a 

5 different form. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will he described in detail with reference to 

the accompanying drawings. 
! o First embodiment 

FIG. 1 schematically illnstta.es an ink jet recording apparatus according to a first 
embodiment of the present invention. The ink je, recording apparatus inc.udes an ink je, 
head 1 which, as will be described later, ejee,s UV curable inks (phomcurable inks) on,o 
te recording surface (i.e., fire upper surface) of a recording paper 29 serving as a recording 
„ medium. The ink je, head 1 is fixedly supported by a carriage 31, which is provided wt«h a 

scmning direction (i.e., me X direction shown in FIG. 1) parallel to the recording surface 
of the recording paper 29, fire ink je, head 1 and the carriage 31 are reciprocal by fire 
carriage motor in fire main scanning direefion between a position XI that corresponds ,o 
20 „„e end of the width of the recording paper 29 and a position X2 fita, corresponds to me 
oth er end .hereof. The cartage 31, the carriage shaft 30, and fine cartage motor form a 
head moving mechanism for putting .he ink je, head 1 into the reciprocating motion tn the 

main scanning direction. 

The recording paper 29 is interposed between «o earner rollers 32 which are 
25 rotated by a nor-shown carter motor. The carter motor and me carter rollers 32 move fite 
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recording paper 29 in fire sub-seanning direction (i.e., fire Y direction showrr in FIG. .) 
which is perpend.cu.ar ,0 Ure main scanning direcrton and paratlel ,0 the recording surface 
of the recording paper 29. The carrier nrotor and the carrier rollers 32 form a recording- 
media, moving mechanism for moving the recording paper 2, in the suh-scanning 
5 direction. 

AS shown in FIG. 2, a recording-medium opposing surface (i.e., the tower surface) 
of the ink je, head 1 ma, opposes the recording surface of the recording paper 2, is 
fished with an urk ejecting portion 2 formed with the open ends of a plummy of nozzle 
holes 3 for ejecting me inks. The open ends of the „ozz,e ho.es 3 are arranged in me tnk 
,„ ejecting portion 2 to form eight linear rows extending in me sub-scanning direction. More 
specific* me ink je, head 1 is designed to ejec, four co.or inks: yefiow, magema, cyan, 
and Hack. For each coior, ,wo rows of me nozzle-hole 3 open-ends are provided. The 
open end of each nozzle hole 3 arranged in each of the two nozde-hole-open-end rows 
provided for each co(or is disposed in a position corresponding to fire midd,e positron 
„ between ,wo adjacent nozzIe-h„.e 3 open-ends arranged in the neighboring nozzle-hole- 
open-end row, so that the open ends of me nozzle ho.es 3 in fire adjacen, two rows form a 
zig zag pattern. ., shou.d be „o,ed mat a single „ozzle-ho,«pen-e„d row may be provrded 
for each co.or (which means fira, four rows aze provided in -) hr a case where on.y a 
single color (e.g., black) ink is used, only a single row may be provided in Mai. 

When fire ink je, head 1 is moving from the position XI corresponding to fire one 
end of fire widfir of fire recording paper 29 to the position X2 corresponding to fire other 
end thereof (i.e., when fire ink je, head 1 is performing a forward motion), fire inks are 
ejected from fire nozzie ho.es 3 onto fire recording surface of the recording paper 29 ,o 
perform recording. When fire ink je, head 1 has cached the position X2 (i.e., when fire 
25 recording in me single scanning has been completed), the recording paper 29 is moved 
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mward one side (the Hon, side in FIG. 1, in the firs, embodiment) in .he sub-scannmg 
direction, and mis time me ink je« head 1 is moved from .he position X2 towa*. me 
position X, (whieh means .ha. me ink je, head 1 is pn. in.o a backward motion.) Dnnng 
to backward motion, me inks are ejected from me nozzle holes 3 on.o .he recording 
, snrface of me recording paper 29 ,o perform recording as in me forward motion. When me 
^ je. head , has reached me position XI (i.e., when .he recording in mis single scanmng 
bas been comp.ered), .he recording paper 29 is again moved .oward me one side in the sub- 
scanning direction, so ma. me ink je, head ! is again pu. in.o a forward motion. By 
repeating me above motions, recording is performed on substantially me entire recording 
,„ surface of me recording paper 29. It shonld be noted ma, when .he forward motion of the 
^ jet bead I is completed, me recording paper 29 does no. need lo be moved, so .ha, 
.cording is performed on me same porlion of me recording paper 29 In me forward 
m otion and me subsetpaen. backward motion. And when me forward motion and me 
subsequent backward motion have been complied, me recording paper 29 may be moved 
15 toward <he one side in the sub-scanning direction. 

Th. ink je. head 1 is famished with a plurality of ultraviolet light emitting diodes 7 
(Ugh, emitted) for applying uhraviole, light to ink attached onto me recording surface of 
ttte recording paper 29 .o cure the ink. Th. ulttaviole. light emitting diodes 7 - 
ultr avio,e, ligb. with a peak wavelengtir of 3S0 nm or smaller. Prefembly, the nltravio.et 
„ light emitting diodes 7 have an optica, on,pu. power of .0 mW or more, are bermettcally 
.aled, and are surface-mounting devices. Furthermore, me ultraviolet ,igh, emitting 
diodes 7 are preferably ,igh,-emi«in g diodes confining GaN, in which case meir luminous 
efficacy can be increased. Examples of ulttaviole, light emitting diodes include ulttavrole, 
Hgh, emitting LEDs and organic EL (electro luminescence) devices. 

,„ the firs, embodiment, the ulttaviole, Hgh, emitting diodes 7 are provided a, each 
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sid e of ,he ink ejecting portion 2 with respee, to the main canning direction. When 
viewed front the direction (tire upward and downward direction) perpendicular to the 
recording snrface of the recording paper 29, the uuravlo.et light enritting diodes 7 a, each 
sid e are arranged to fomt a Hnear row extending in the suh-scanning direction. As shown 
5 in FIG 3, the ultraviolet Ugh, emitting diodes 7 a, each side of the ink ejecting portion 2 
are placed in a case 8 to form a nni, Ultraviolet tight, reflected by bowl-shaped reflecting 
pla ,es 9 provided in the respective locations of the uhraviole. Ugh. emnfing diodes 7 in the 
rmjt ease 8, is emitted through a snrface (i.e., the npper snrface shown in FIG. 3, only this 

surface is transparent) of the unit case 8. 

Althongh in the firs, embodiment, the ultraviolet light emitting diodes 7 a. each 
side of tite ink ejecting portion 2 are placed in tire single unit case 8, each ultraviolet tight 
emitting diode 7 may be independently placed in a case. Furthermore, although in the firs, 
embodiment tire bowl-shaped reflecting p.a,es 9 are provided in tire respective locations of 
are uhraviole, Ugh, emhfing diodes 7 in the unit case 8, a half-pipe-shaped reflecting plate 
„ » extending in tire direction of me ultt avio 1 e,-ligh,-emi«in g ^ode row may be prov.ded 
as shown in FIG. 4. Moreover, ins.ead of providing tire single u,tiaviole,-ligh,-emitt.ng- 
di ode row, a p.uraH,y of u,— -light-emitiing-diode rows may be formed a. each s.de 
of tite ink ejecting portion 2. firtha, ease, as in tire case of me nozzle-hole-open-end rows, 
each of me ulfiavioie, ligh, emitting diodes 7 in each u, tt aviole,-,igh,-emitiin g -diode row 
» may be disposed in a position cording to tire middle position between «» adjacen, 
ultraviole, ligh, emirting diodes 7 arranged in tire neighboring uUmviole.-light-emimng- 
oiode ro„(s), so ma, me uluaviole, ligh, emitting diodes 7 in me adjacen, two rows form a 

zigzag pattern, as shown in FIG. 5. 

The unit cases 8 a, bom sides of me ink ejecting portion 2 win, respect to me main 
25 scanning direction are disposed on bom lateral faces of the ink je, head f with respect ,0 
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the main scatming direction, so «ha, the uttraviolet Ugh, emitting surface of each uni, case 8 
„ in ,he same piane as the recording medium opposing surface of me in, je. head .. Tms 
sttucture permUs a blade for removing ink attached onto me recording-medium opposmg 
surfa ce of .he in* je, head 1 ,0 easily wipe off ink attached on,o ttre uUraviole, hgh, 

emitting surfaces of the cases. 

It should he noted ma, ,he ulttavio.et Ugh, emitting surfaces of me uni, cases 8 do 
no, necessarily have ,o he in me same plane as me recording-medium opposing surface of 
the ink je, head 1. The ultraviolet Ugh, emitting surfaces of me cases 8 may he loca,ed 
e.ose, ,o me recording paper 29 than me recording-medium opposing surface of me ,nk je, 

m edium opposing surface of me ink je, head 1 is. More specific* considering ,he 
emission intensity of me uUraviole, Ugh, emitting diodes 7, me distance between the 
uHtaviole, Ugh, emitting surface of each uni, case 8 and the recording surface of the 
recording paper 29 may he from 03 mm ,0 ,5 mm (the dis,ance bebween me recording- 

paper 29 is from 0.5 mm to 10 mm.) 

The ulttavio,e, Ugh, emitting surfaces of me urn, cases 8 do no, have «o he paraUel, 
W ma, he inclined, wittt respect to me recording surface of me recording paper 29. .n 
« case, as shown in FIG. «, me ultraviolet Ugh, emttting surface of each uni, case 8 may 
20 he tilted with respect to the recording medium opposing surface of the ink je, head . so 
« the side of me mttaviole, Ugh, emitting surface closer ,o me ink ejecting portion 2 ,s 
loca ,ed c.oser to me recording paper 29 than me opposite side of me uni, case 8 ts. 

Furthermore, as show, in FIG. 7, 1, is preferabie to provide, between each uni, case 
8 and the ink ejecting portion 2, a Ugh, blocking member .3 for preventing part of the 
25 Ugh, produced by me uUraviole, Ugh, emitting diodes 7 from reaching the mk 
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ejecting portion. 

,n addition, i. is Parable ,ha, curing prevention materia., which, prevents ink 
arched onto the ink ejecting portion 2 and the ulttaviole, ligh, emitting surfaces of the 
^ cases 8 from curing even under ***** irradiation, be app.iefi onto a, leas, .he .nk 
5 ejecting portion 2 of me recording medium opposing surface and the uhraviole, Ugh, 

emitting surfaces of the unit cases 8. 

More specifically, once ink attached onto the ink ejecting portion 2 and the 
uttmviole, light emitting surfaces of me unit cases 8 has cured, removing fire ink becomes 
difficult, causing clogging of ,he nozzle holes 3 or decreasing fire il.uminafion of 
,. ultraviolet ligh. on fire recording surface of fire recording paper 29. In view of mis, by 
tUting the ulttaviole. light emitting surfaces of the unit cases 8 and by providing the hght 
Mocking members 13 as descried above, ink is less Ukely to be attached onto .be 
uta avi„,e, Ugh, emitting surfaces of the unit cases 8, and ink attached onto the ink ejecttng 
portion 2 does no, cure easily. Moreover, even if ink has been attached onto fire ulttaviole. 
15 Ugh, emitting surfaces of the uni. cases 8 or uHraviole, light is appUed to fire ink ejecttng 
portion, the application of the curing prevention material prevents curing of the ,nk 
a «ached onto the ink ejecting portion 2 and the ulttaviole, light emitting surfaces of the 
unit cases 8. 

The number of nlttavioie, ligh, emitting diodes 7 exiring in each ultraviolet-light- 
20 cmitting-diode row is smaUer than the number of nozz,e-ho,e 3 open-end, arranged in each 
aozzle-hoie-open-end row, but is ,axge enough to sufficiency unformalize fite distribution 
„ffi,e illumination of ulttaviole, ligh, (i.e., ,0 avoid inconsistencies in density) in a portton 
„f ,he recording surface of fite recording paper 2, where recording is performed in a sing.e 
scanning by fite ink je, head 1, in fite u.ttaviole,-ligh,-emitting-diode-row direction (t.e., 
25 the sub-scanning direction, And in order ,o ensure fita, such a portion of fine recording 
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surface of «he recording paper 29 where recording is performed in a single scaling by ft. 
ink je, head 1 is entire* irradiated with ulrtavlolef Ugh, the uttravioie, Ugh, etnittmg 
di „des 7 located on hoth ends of each niWoiet-Hght-enrining-diode row are disposed 
outward* of the nozzle-hole 3 open-ends iocated on ho* ends of each nozzle-hole-open- 
, end row with respect to the direction of the „ozzle-ho,e-open-end row (U., the sub- 
scanning direction.) Ahematively, as showu in FIG. 8, even if they are disposed inwardly 
with respect ,o Ore nozzle-hofe-open-end row direction, the length I* in dre ultraviolet- 
Hght-emirting-diode row direction, of a part (i.e., the diagonally shaded area in FIG. 8,) of 
the recording surface of the recording paper 29 where recording is performed in a smgle 
,„ scanning by me in, je, head . is se, smaller man the lengm U. in me uhraviole, -light- 
emirting-diode row direction (i.e., me sub-scanning direction), of a par, (i.e., me open 
rectanguiar area shown in FIG. 8.) of the recording surface of the recording paper 29 whtch 
can be irradiated with ultraviolet Ugh, emitted by al, of the uhravio,et Ugh, emirtiug dio.es 

7 during the single scanning. 

ur order ,o further .unformalize, in the „ ltt avio.e,-ligh,-emi«ing-diode row 
direction (i.e., me sub-scanning direction), the uhraviole, Ugh. ilhrmin,ion distribuuon in 

f ~ n f the recording paper 29 where recording is performed in 
the part of the recording surface of the recording pape 

u i«V iet head 1 a pattern mask may be provided between the 
a single scanning by the ink jet neaa i, a. 

uhraviole, Ugh, emirting diodes 7 and the recording paper 29 (for example, partem masks 
» may be provided on .he respective uUravio.et Ugh, emirting surfaces of the uni, cases 8.) 
The partem masks reduce difference in uhraviole, Ugh, illumination on the recordtng 
surface of me recording paper 2, between a portion corresponding to me midd,e posirton 
between any two neighboring ulrtav.o.e, Ugh, emirting diodes 7 in each u.txavio.e.-Ugh,- 
emirting-diode row and portions corresponding to the positions of .hose ultraviolet Ugh, 
25 emirting diodes 7. As such partem masks, masks whose ulrtaviole, Ugh, transmirtance 
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varies depending upon toeir thickness or the density of ft* mesh holes may he used. 
Specify, portions of the pattern masks copending ,o rite positions of me respective 
uUravio.* iigh. emitting diodes 7 are designed so as to have a .arger thickness or a smaUer 
m esh-hole densi,y man portions thereof corresponding to the middie positions between any 
, neighboring uttraviole, hght emitting diodes 7, in order to have a rednced mtravioie, hgb, 
finance. By the use of such pattern masks, me distribution of u— Ugh. 
UUunination on the recording surface of the recording paper 29 is timber unifonnalized ■„ 
the nitravioiet-Hght-emining-diode row direction, as indicated by the sofid ,ine in F.G. 9 
(toe broken line in FIG. 9 indicates a case without toe pattern masks.) .« is more preferab.c 
,„ toa, me pattern nrasks be made of me above-menUoned cure prevention materia!. 

A,so as shown in FIG. .0, if ultraviolet Ugh. produced by the ultraviolet hgb, 
emitting diodes 7 is applied through a light guiding member ,6 ,0 ink attached onto the 
recording paper 29, me ultraviolet Ugh, is applied flafly and substantia,* uniformly from 
,he Hgh, guiding member 16, allowing me unifonr, distribution of the ultraviolet light 
13 illumi „ation on me recording surface of toe recording paper 29. In FIG. 10, me reference 
numera! 17 denotes a reflecting plate for permitting me ultraviolet Hgb. produced by the 
rfttaviole. Ugh. emitting diodes 7 .o come on. from a surface (i.e., .he ,ower surface m 
FIG 10) of the light guiding member. 

to toe firs, embodiment of me uni, cases 8 provided a, bo* sides of me ink 
2 „ ejecting portion 2 wi* respee, .0 .he main scanning direction, toe ultraviolet light emitting 
diodes 7 in on.y one uni. case 8 loca.ed rearward wito respee, ,o toe moving direction of 
toe ink je, head 1 emi, uttravio.e, Ugh,. More specifically, when toe ink je, head 1 is 
performing a forward motion (i.e., when i, is moving from X, toward X2), tire ntoaviole, 
Ugh, emitting diodes 7 in toe uni, case 8 positioned closer to X. emi. ultraviolet Ugh,, 
25 while no ultraviolet Ugh, is emitted by me uhraviole, Ugh, emitting diodes 7 in toe urn, 
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case 8 located closer ,o X2. On the other hand, when the ink je, head . is performing a 
backward motion (i.e., when i, is moving from X2 ,o X.), .he uttravio.e, iigh. emitting 
aiodes 7 in me unir case 8 .ocated closer ,o X2 ami, uirraviole. light, whUe no ulttavio.e, 
Hgh. is emitted by rhe ul.ravio.er ligh, emitting diodes 7 in rhe unit case 8 situated closer to 
XI. I. should he noted rha, the ultraviolet Hgh. emitting diodes 7 in me uni, cases 8 on 
ho* sides may emit uirraviole, ligh,. However, in view of power savings, i, is desirable, as 
described above, ,ha, ft. ulttavio.e, ligh, emitting diodes 7 in on,y one of the uni. cases 8 
which is located rearward with respee. ,o the moving direction of rhe ink je, head 1 emir 
ultraviolet light. 

By .he above configuration, when the ink je. head 1 performs a forward motion, ink 
is ejected from rhe nozzle holes 3, whi.e me ulttaviote, hgh, emitting diodes 7 in the uni, 
case 8 c.oser to XI are pu, into a ligh, emitting s«ate. Thus, immediately after the ink is 
ejected ftom me nozzle holes 3 and attached onto me recording surface of me recording 
paper 29, me Xl-side uni, case 8 is located above, and faces, rhe attached ink and me 
, 5 attached ink is cured by irradiarion wtth ulttavio.e, ligh, emitted by me ulttaviole, Ugh. 
emittirrg diodes 7 in mis uni. case 8. The ejection of me ink is completed jus, before me 
completion of me forward morion, and when me ink je, head 1 arrives a, X2, all of the ink 
attached to me portion in which me recording has been performed by me forward morion is 

cured by the ultraviolet irradiation. 

When a given amoun, of rime (i.e., me ,ime required for the curing of me ink 
ejected immediately before me comp.etion of me forward motion) has elapsed after ,he 
arriva. of the ink je. head la. X2, rhe ulttavio.e, ligh, emitting diodes 7 are pn, in.o a non 
Hght-emitting state, while me recording paper 29 is moved .oward one side in me sub- 
scanning direction by a lengm substantially equal .o me lengm, in me sub-scanning 
25 direction, of tire part in which rhe recording has been performed by me forward motion. 
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Subsequently, <he ink jet head 1 is pu, into a backward motion. During the 
baekward motion, ink is ejeeted from the nozzle holes 3, while the ultraviolet light emitting 
diodes 7 in the unit ease 8 loeated eloser to X2 are pu, into a light emitting state. Thus, 
im media,ely after the ink is ejeeted from the nozzle ho.es 3 and attaehed onto the recording 
, surface of the recording paper 29, the X2-side unit case 8 is located above, and faces, the 
attached ink and the attached ink is cured by irradiation with ultraviolet light emitted hy 
the ulttnviole, Ugh, emitting diodes 7 in mis urn, case 8. The ejection of ,he ink is 
combed jus, before the completion of me backward motion, and when the ink je, head 1 
reaches XI, all of the ink attaehed ,o ft. portion in which tire recording has been 
,„ performed by me baekward motion is cured by the ultraviolet irradiation. 

When a given amoun, of time (i.e., the time required for tire curing of me ink 
ejected immediately before me completion of the backward motion) has elapsed after me 
arrival of me ink je, head 1 a, XI , tire ultraviolet light emitting diodes 7 are pu, into a non 
Hghr-emitting s,a,e, while the recoming paper 29 is moved farmer toward me one side in 

15 the sub-scanning direction. 

Then, the ink jet head 1 is pu, into a forward motion agaht. By repeating me 
above-described motions, recording is performed on the entire recording surface of the 
recording paper 29. 

As described above, in the firs, embodiment, the ink je, head 1 is provided witit tire 
» uhravio.e, light emitting diodes 7 arranged in me rows in tire sub-scanning direction, so 
ft* the utaavio.e, Ugh, emitting diodes 7 cure ink, immediately after tire ink has been 
attached onto me recording surface of ,he recording paper 29. Thus, unlike cases in which 
discharge lamps are provided, spreading and bleeding of me ink on tire recording surface is 
prevented by coring the ink, while tire distribution of ultraviolet ligh, illumination on tire 
25 recording surface is unformalized in me sub-scanmng direction ,o avoid hrconsis,encies in 
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density, without causing an increase in the size of the Inkjet head 1 and a corresponding 
increase in the size of the recording apparatus. Furrhermore, since the uttraviole. Ugh. 
emitting diodes rue disposed in vicinity to the recording surface of the recording paper 29, 
ink on the recording surface is cured to a sufficient degree ft* spreading and bleeding of 
, the ink does no, occur, even if the uttraviole, light emitting diodes 7 whose emission 
intensity is lower than ,ha, of discharge lamps are used. Moreover, fte uftraviote, Hgh. 
emitting diodes 7, which have a longer life and better responsiveness than discharge lamps, 
enhance maintainability. And power savings are a.so achieved by putting the ultraviolet 
Hgh, emitting diodes 7 in,o a non Remitting state when toy do no, have to emi, Hgh,, 
10 combined wi<h the fact that their power consumption is small. 

Although in fte firs, embodiment, ink is ejected from fte nozzle holes 3 each time 
fte ink je, head 1 perfortns a forward motion and a backward motion, ink may be ejected 
only when fte ink je, head 1 performs forward motions. In fta, case, when a given amoun, 
of time has elapsed after fte completion of a forward motion of fte ink je. head 1, fte 
„ uttraviole, Hgh, emitting diodes 7 are pn, into a non light-emitting s<a,e, while fte 
recording paper 29 is moved toward fte one side in fte sub-scanning dtrection, a, whtch 
fime fte ink je, head 1 performs fte backed motion. When fte moving of the recording 
paper 29 and fte backward motion have boft been completed, a forward motion such as 
described above is performed again. In ftis configuration, fte unit case 8 closer to X2 can 
20 be removed, so fta, only fte uni, case S closer ,o XI remains. In other words, fte 
uttraviole, Hgh, emitting diodes 7 may be provided in a position rearward of fte ink 
ejecting ponton 2 wift respect ,0 fte direction in which fte ink je, head 1 moves during us 
forward motion. This minimizes fte number of uttraviole, Hgh, emitting diodes 7, thereby 
reducing costs. 

Also, although in fte first embodimen,, fte uhraviole, Ugh, emitting diodes 7 are 
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disposed on ,he ink jet head 1, «hey may be disposed on a moving member which moves 
loget her with me ink je, head 1, e.g., me carriage 31 o, a member formed on me carriage 
3,. Furthermore, me ultraviolet Ugh, emitting diodes 7 do no, necessarily have ,o be 
piaced in me «ni, cases 8 or individual., placed in cases, bu, may be mourned on,o me 
5 nozzle p.a,e which forms me recording medium opposing surface of me ink je, head 1 and 
in which me nozzie ho.es 3 are formed, or on,o a member other than the nozzle p.a,e. This 
member may be me moving member discussed above or a hea, conduction member 20 
showo in HO. U for conducing hea, produced by me emission by me ulttavio.e, light 
emitting diodes 7 to me ink within me ink je, head I. The hea, conduction member 20, 
,„ made of me,al, is formed ,o surround portions of the la,eral surfaces of me ink jet head 1 
which correspond ,o me portion in ,he ink jet head 1 in which the ink is placed. The beat 
conduction member 20 enables the temperature of me ink in the ink je, head 1 ,o be raised 
s0 ma, the viscosity of the ink is decreased (UV curable inks have higher viscosity man 
typical inks), thereby improving the ink-ejection capability. 

Moreover, in coses where hea, generated by the uhraviole, light emitting diodes 7 
increases the temperature of the ultraviolet light emitting diodes 7 themselves or the 
temperature of the ink je, head 1 to an excessively high degree .o cause deformation of the 
nozzle plate or other members, a radiator, e.g., a hea. sink or a fan, for dissipating the hea, 
resulting from the emission by the uhraviole, light emitting diodes 7 may be provided. 
2 „ When a fan is employed, a temperature sensor for delecting the temperature of the 
ol.ravio.et tight emitting diodes 7 or the ink jet head 1 may be provided. When the 
temperature detected by the temperature sensor exceeds a predetermined temperature, the 
fan may be operated, while when the temperature falls below the predetermined 
temperature, the operation of the fan may be stopped. 

Ftnthermore, in the firs, embodiment, curing of the ink attached on,o the recording 
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snrface of the recording paper 29 is performed by the ultravioie, Ugh. emitting diodes 7 
aione. However, as shown in FIG. 12, discharge lamps (in FIG. 12, a lamp urn. 22 in 
which a plurality of discharge ,am P s are arranged in me main scanning direction), which 
are capable of applying ultraviolet Ugh, to .he entire recording area, wnh respec. ,o .he 
5 main scanning direction, of tire recording snrface of .he recording paper 29, may be 
provided in a position ahead of .he ink je. head 1 widr respec. .0 tire moving direction of 
tire recording paper 29. In .his case, widr .he ink je, head 1 being moved, ink is ejected 
from dre nozzte holes 3 of tire ink je. head 1 and primary curing of .he ink ejected and 
attached on.o .he recording snrface of tire recording paper 2, is performed by tire 
,„ uUravio.e, Ugh. emitting diodes 7. The recording paper 29 is .hen moved in tire sub- 
scanning direction parallel .o .he recording snrface of tire recording paper 29, and 
secondary caring of .he ink already subjected ro tire primary curing is performed by tire 
discharge lamps in tire !amp uni. 22. The secondary curing is performed a. tire time tire 
ink already subjected to tire primary curing during tire previous or earlier single scannmg, 
, 5 is moved to a position that opposes tire .amp uni. 22, as tire recording paper 29 is moved 
upon tire completion of .he recording performed in tira. previous singte scanning. 
Alternatively, the secondary curing may be performed, after recording on tire enfrre 
rec „rding surface of tire recording paper 2, has been completed, by moving the recording 
paper 29 further in tire sub-scanning direction to pass the recording paper 29 under dre 
» ,amp unit 22. In this recording method, all of tire ink on the recording surface is reliably 
cured at tire time aU of tire recording has been completed, even if tire ultraviolet Ugh. 
emitting diodes 7 having signif.can.ly low emission intensity are used. 
Second embodiment 

FIGS. 13 and 14 illustrate a second embodiment of the present invention, in which 
25 ink jet heads 1 are so-called line heads. 
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More specifically, in the second embodiment, a recording paper 29, fed from a 
feeding roiler 41 which rotates clockwise as shown in F.G. 13, passes through a recording 
section, in which four ink jet heads 1 are disposed, and then is ro.ied up on a rake-up roller 
42 which rotates clockwise as shown in FIG. 13. The feeding roller 41, the take-up roller 
, 42 aod a plummy of guide rollers 43 formed in the recording section move 

paper 29 substantia,* horizontal in the recording section in a predetermined direchon 
(w hich is a direction going toward the taae-up toiler 42, i.e., the direction A shown m 
F,GS 13 and 14) parallei to me recording surface (i.e., the upper surface) of the recording 

„ 43 form a recording-medium moving mechanism for moving the recording paper 29 in the 
recording section in the direction paraUel to the recording surface of the recording paper 29 

toward the take-up roller 42. 

The four ink jet heads 1 extend in paraUe. with the recording surface of me 
recording paper 29 in the direction (which is the width direction of the recording paper 29, 
, 5 ,h. direction B shown in FIG. 14) perpendicular to the moving direction of me 

recording paper 29. The four Inkjet heads 1, from the one closes, to the feeding roller 4, 
t „ the faru.es, one, respectively, cjec, yellow, magenta, cyan, and black inks (the same UV 
curable inks as those of tine first embodiment.) In cases where only a single color (black, 
for example) ink is used, only a single ink jet head 1 may be provided. 

Each ink je, head 1 includes a base plate 51 and six nozzle head portions 52. When 
seen from the direction (U., the upward/downward direction) perpendicular with respect to 
the recording surface of the recording paper 29, the six nozzle head portions 52 are 
a^ed to form two linear rows extending in me lengtit direction of the ink je, head 1. 
Each nozzle head portion in each nozzle-head-portion row is disposed in a position 
25 corresponding to the midd.e position between two adjacent nozzle head portions 52 
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arranged in the neighboring nozzle-head-portion row, so U.a, the nozzle head portions 52 in 
, he adjoining two rows form a zigzag partem. A.so, as show, in E.G. 15, ink ejecting 
portions 2 fortned widt the open ends of a plurahty of nozzle holes 3 for ejecting the UV 
carabie ink are provided in portions of the recording-medium opposing surface (i.e., the 
5 ,„wer surface) of each ink je, head 1 which correspond ,o the respective nozzie head 
portions 52. in each ink ejecting portion 2, the open ends of me nozzle holes 3 are 
artattged ,o form two linear rows extending in the length direction of the ink je, head 1. 
Each nozzle-hole 3 open-end in each of me two nozzle-hole-open-end rows is disposed m a 
portion corresponding to the middle position between two adjacent nozzle-hole 3 open- 
,0 ends arranged in the neighboring „ozz.e-hole-open-end row, so that me open ends of the 
aozzle holes 3 in the adjoining nozzle-hole-open-end rows form a zigzag partem. 

AU of the nozzle holes 3 of each Inkjet head 1 are disposed so .ha, tecording can 
b e perfonued in subsfcntially me entire wid<h direction of the recotding paper 29. With the 
recording paper 2, being moved toward the take-up roner 42, ink is ejected from me 
15 nozzle holes 3 of the Inkjet heads 1 onto the recording surface of the recording paper 29. 

Each Inkjet head 1 is provided with a uni, case 8 in which ultravio,e, light emtrtmg 
diodes 7 are placed, as in the fits, embodiment. The unit case 8 is disposed ftontward of 
a,, of the ink ejecung portions 2 of the mk jet head 1 with respee, to the moving direct™ 
o, the recording paper 29. Specifically, the unit case 8 is disposed on me .ateral surface of 
20 each ink jet head 1 located closet to the take-up roller 42 (i.e., the lateral surface of the 

, i tn tV»f» take-ut) roller 42), so that immediately after the ink is 
base plate 51 located closer to the take-up roner m h 

ejected fiom the nozzle holes 3 of the ink je, head 1 m d ahaehed onto the recording 
surface of the recording paper 29, the attached ink is cured by irradiation with ultraviolet 
fight emitted from me umaviole, light emitting diodes 7 in the uni. case 8 formed on ma, 
25 ink jet head 1. 
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It should be noted that two unit eases 8 may be disposed frontward and rearward of 
a„ of the ink ejecting portions 2 of eaeh ink je, bead 1. respectiveiy, with respec, ,o Ore 
mOTing direction of the recording paper 29. EspeciaUy, by providing the unit cases 8 on 
bo* sides of the respective three ink je, heads 1 other than the reannos, ink jet head , 
, (which is the ink je, head , in the Coses, vicinity of fire feeding rofier «, with respect to 
.he moving direction of me recording paper 29, ink ejected from the nozzle holes 3 of.be 
mk je, head(s) 1 loca.ed rearwardly of each of those ink je, beads 1 with respec, ,o the 

paper 29 can be cured . 

When seen from the direction perpendicn.ar (i.e., the upward/downward direction) 

with respec, ,o ,be recording surface of rne recording paper 29, the mtraviolet Hgb, 
emitting diodes 7 in each uni, case 8 are arranged to form a Hnear row extending in «he 
(engm direction of each ink je, head 1. As described in ,be firs, embodiment, instead of the 
stagl e ultt avio,e,-figh,-e m i«ing-dioae row, a purity of utoavio.eMigh.-emiuing-cioae 
„ mws may be provided. In that case, each uhravio.e, figb, emitting diode 7 ,n each 
a^et-fight-emimng-diode row may be disposed in a position corresponding « me 
middl e position between two adjacent uhravio.e, ligb, emitting diodes 7 arranged tn a 
neighboring n—figh.-emiuing-oiode row, so ft* the ultraviolet Ugh, emitting 
diodes 7 in me adjoining wo rows form a zigzag pattern. 

Each uni. case 8 is disposed so tha. i.s ultraviolet figb. emitting surface is in the 
same plaoe as .be recording-medium opposing surface of the corresponding ink je. bead 1. 
Nevertheiess, as discussed in me firs, embodiment, the uUraviole, figb. emitting surface 
may be located doser to the recording paper 29 man me recording-medium opposmg 
surface of me ink je, head 1 is, or may be ,oca,ed farUter from the recording paper 2, man 
25 me recording-medium opposing surface of the ink jet bend , is. More specifically, the 
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distance between the recording-medium opposing surface of each ink jet head 1 and the 
recording surface of the recording paper 29 may he from 0.5 nun to 10 nun, white the 
distance between the uhraviote, Ugh. emitting surface of each unit case 8 and the recording 
surface of the recording paper 29 may be from 0.3 mm to 15 mm. 

Moreover, me ultraviolet light emitting surface of each unit case 8 does no, have to 
be parallel, bu, may be inclined, with respect ,o the recording surface of the recording 
paper 29. In that case, the ultraviolet Ugh. emitting surface of each uni. ease 8 may be 
til ,ed with respec. ,o me recording medium opposing surface of me corresponding ink je. 
head 1 so una. .he side of .he uhraviole. Ugh. emitting surface closer «o the ink ejecting 
„ portion 2 is located closer «o me recording paper 29 man the opposite side of the uni. case 
8 is. 

Furthermore, it is preferable to provide, be,ween each uni. case 8 and .he ink 
ejecting portions 2, a Ugh. blocking member for preventing par, of ultraviolet Ugh, 
produced by me ultraviolet Ugh, emitting diodes 7 from reaching me ink ejecting portions 
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,„ addition, curing prevention ma.erial, whicU prevent ink attached on.o me ink 
ejecting portions 2 and Ore uhraviole, Ugh, emitting surfaces of ,he uni, cases 8 from 
curing even under uhraviole, irradiation, may be applied on,o a. teas, tire ink ejecting 
portions 2 of me recording medium opposing surfaces and dre uttraviole, Ugh, emitting 

20 surfaces of the unit cases 8. 

,„ dre second embodiment as in the firs, embodimen,, the number of uhraviole, 
Ugh, emitting diodes 7 exiting in each ulttavMet-light-emitting-diode row is large enough 
,„ sufficiently .unformalize me distribution of the illumination of uhraviole, Ugh, (i.e., ,o 
avoid i„consis,encies in density) in a portion of me recording surface of .he recording 
25 paper 29 where recording is performed by the ink je. heads 1, in ure ulnaviolet-Ugh,- 
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emitting-diode-row direction (i.e., the length direction of each ink jet head 1.) And in 
order to ensure that such a portion of the recording surface of the recording paper 29 where 
recording is performed by the ink jet heads 1 is entirely irradiated with ultraviolet light 
with respect to the length directions of the ink jet heads 1, the ultraviolet light emitting 
5 diodes 7 located on both ends of each ultraviolet-light-emitting-diode row are disposed 
outwardly, with respect to the length direction of the Inkjet head 1, of the open ends of the 
nozzle holes 3 located on- both ends in the length direction of the ink jet head 1. 
Alternatively, even if they are disposed inwardly with respect to the length direction of the 
ink jet head 1, the length, in the ultraviolet-light-emitting-diode row direction, of a portion 
,0 of the recording surface of the recording paper 29 which can be irradiated with ultraviolet 
light emitted from all of the ultraviolet light emitting diodes 7 is set longer than the length, 
in the ultraviolet-light-emitting-diode row direction, of the portion where recording is 

performed by the ink jet heads. 

Also, as mentioned in the first embodiment, pattern masks may be provided 
15 between the ultraviolet light emitting diodes 7 and the recording paper 29 (for example, 
pattern masks may be provided on the ultraviolet light emitting surfaces of the unit cases 
8.) The pattern masks reduce difference in ultraviolet light illumination on the recording 
surface of the recording paper 29 between a portion corresponding to the middle position 
between any two neighboring ultraviolet light emitting diodes 7 in each ultraviolet-light- 
20 emitting-diode row and portions corresponding to the positions of those ultraviolet light 
emitting diodes 7. Ultraviolet light produced by the ultraviolet light emitting diodes may 
be applied through a light guiding member to ink attached onto the recording paper 29. 

By the above-described configuration, when the recording paper 29 is moving in 
the recording section toward the take-up roller 42, ink is ejected from the nozzle holes 3, 
25 while the ultraviolet light emitting diodes 7 in the unit cases 8 are put into a light emitting 
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state. Thus, immediately after the ink is ejected from the nozzle holes 3 and attached onto 
the recording surface of the recording paper 29, the attached ink, which is located under 
the unit cases 8 disposed on the ink jet heads 1, is cured by irradiation with ultraviolet light 
emitted from the ultraviolet light emitting diodes 7 in those unit cases 8. 
5 As described above, in the second embodiment as in the first embodiment, each ink 

jet head 1 is provided with the ultraviolet light emitting diodes 7 arranged in the row in the 
length direction of the ink jet head, so that the ultraviolet light emitting diodes 7 cure ink 
immediately after the ink has been attached onto the recording surface of the recording 
paper 29. This prevents increases in the size of the recording apparatus and 
10 inconsistencies in density, and in addition, enables improved maintainability and power 
savings. 

Also, although in the second embodiment, the ultraviolet light emitting diodes 7 are 
disposed on the ink jet heads 1, they may be disposed on fixed members which are 
provided near the respective ink jet heads 1. Furthermore, the ultraviolet light emitting 
15 diodes 7 do not necessarily have to be placed in the unit cases 8 or individually placed in 
cases, but may be mounted onto the nozzle plates which form the recording medium 
opposing surfaces of the ink jet heads 1 and in which the nozzle holes 3 are formed, or 
onto members other than the nozzle plates. These other members may be the fixed 
members discussed above or the base plates 51 of the respective ink jet heads 1. The base 
20 plates 51, if made of metal, serve as heat conduction members for conducting heat 
produced by the emission by the ultraviolet light emitting diodes 7 to the ink in the ink jet 
heads 1, as described in the first embodiment. 

Moreover, as discussed in the first embodiment, in cases where heat generated by 
the ultraviolet light emitting diodes 7 increases the temperature of the ultraviolet light 
25 emitting diodes 7 themselves or the temperature of the ink jet heads 1 to an excessively 
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high degree to cause deformation of the nozzle plates or other members, a radiator for 
dissipating the heat resulting from the emission by the ultraviolet light emitting diodes 7 
may be provided. 

Also, as discussed in the first embodiment, the ultraviolet light emitting diodes 7 
5 may be used in combination with discharge lamps. More specifically, as shown in FIG. 
16, discharge lamps (in FIG. 16, a lamp unit 55 in which a plurality of discharge lamps are 
arranged in the direction perpendicular to the direction of movement of the recording paper 
29), which are capable of applying ultraviolet light to the entire recording area of the 
recording surface of the recording paper 29 with respect to the direction (the length 

10 directions of the ink jet heads 1) perpendicular to the moving direction of the recording 
paper, may be provided in a position ahead of the forwardmost ink jet head 1 (which is 
nearest to the take-up roller 42) with respect to the recording paper moving direction. With 
the recording paper 29 being moved, ink is ejected from the nozzle holes 3 of the ink jet 
heads 1, and primary curing of the ink ejected and attached onto the recording surface of 

15 the recording paper 29 is performed by the ultraviolet light emitting diodes 7 of those ink 
jet heads 1. Then, secondary curing of the ink already subjected to the primary curing (i.e., 
the ink ejected from the nozzle holes 3 of all of the ink jet heads 1) is performed by the 
discharge lamps in the lamp unit 55. It should be noted that lamp units 55 may be 
provided ahead of the respective ink jet heads 1 with respect to the moving direction of the 

20 recording paper 29. 

Furthermore, the open ends of the nozzle holes 3 of each ink jet head 1 may be 
arranged as shown in FIG. 17. More specifically, when seen from the direction 
perpendicular to the recording surface of the recording paper 29, the nozzle head portions 
52 are arranged continuously in the direction perpendicular to the moving direction of the 

25 recording paper 29, with each nozzle head portion 52 being oblique with respect to the 
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moving direction of the recording paper 29. And ink ejecting portions 2 having the open 
ends of the nozzle holes 3 are formed in portions of the recording-medium opposing 
surface (i.e., the lower surface) of the ink jet head 1 which correspond to the nozzle head 
portions 52. In each ink ejecting portion 2, the open ends of the nozzle holes 3 are 
5 arranged to form two linear rows extending in a direction oblique with respect to the 
moving direction of the recording paper 29. This arrangement improves recording density 
on the recording surface of the recording paper 29 in the direction perpendicular to the 
moving direction of the recording paper 29. 

It is obvious that the present invention is not limited to the above-described 
10 embodiments, but is susceptible of other embodiments. For example, the inks are not 
limited to the UV curable inks, but other photocurable inks, which are cured by other light, 
may be used. In that case, instead of ultraviolet light emitting diodes, a plurality of light 
emitters which apply light for curing the employed photocurable ink may be used. Those 
light emitters are desirably light emitting diodes containing GaN. 

15 

INDUSTRIAL APPLICABILITY 

The present invention is applicable to ink jet recording apparatuses in which a 
photocurable ink(s) (especially, UV curable ink(s)) is ejected from nozzle holes of an ink 
jet head(s) and the ink(s) ejected and attached onto the recording surface of a recording 
20 medium is cured by irradiation with light (ultraviolet light). 
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